Abstract Activated carbon derived from oil palm empty fruit bunch (AC-EFB), bamboo stem (AC-BS), and coconut shells (AC-CNS) were obtained by pyrolysis of agricultural wastes using two chemical reagents (H 3 PO 4 or KOH). The AC-EFB, AC-BS and AC-CNS were used as filler in preparation of epoxy nanocomposites. Epoxy nanocomposites prepared at 1, 5 and 10 % activated carbons filler loading using KOH and H 3 PO 4 chemical agents. Transmission electron microscopy confirms better dispersion of the nano-activated carbons in the epoxy matrix at 5 % activated carbon. The presence of 5 % AC-CNS in the epoxy matrix using H 3 PO 4 chemical reagent resulted in an improvement of the thermal stability of epoxy matrix. KOH treated AC filled epoxy nanocomposites were slightly better in thermal stability as compared to H 3 PO 4 treated AC filled epoxy nanocomposites, may be due to better interaction of filler with epoxy matrix. Thermal analysis results showed that thermal stability of the activated carbon filled epoxy nanocomposites improved as compared to the neat epoxy matrix. The degree of crystallinity of epoxy matrix was improved by adding the activated carbon due to interfacial interaction between AC and epoxy matrix rather than loading of AC alone. Developed nanocomposites from biomass (agricultural wastes) materials will help to reduce the overall cost of the materials for its demanding applications as insulating material.
Introduction
Polymer nanocomposites produced by incorporating nano-particles that have one or more dimensions on the nanometre scale (\ 100 nm) into a polymer matrix. These nano-materials are in the literature referred to as nano-fillers, nano-particles, nanoscale building blocks or nano reinforcements [1] . Pukánszky et al. [2] has reported that nanocomposites exhibit improved stiffness, strength, toughness, thermal stability, barrier properties and flame retardancy as compared to neat polymer matrix. The basic idea of nanocomposites is based on the concept of creating a very large interface between the nano-sized building blocks and the polymer matrix. The properties of nanocomposites are not only determined by the size of the filler but interaction of filler and matrix also play a crucial role. Researchers indicated that only a few percentages of nanomaterials (1-5 %) reinforcement into polymer matrix cause vast improvement in properties due to their large degree of surface area [3] . Agriculture based biomass are appropriate and inexpensive precursors for the production of activated carbon. Activated carbons (well-developed pore structures and high internal surface area) from various ranges of agricultural wastes such as wood, saw dust, bagasse, coconut shells, rice husk, rubber wood saw dust, oil palm shell and coir pith are reported [4] .
The conversion of empty fruit bunch (EFB) to activated carbon will serve a double purpose. First, agricultural waste by-products are converted to useful, value-added adsorbents and second, it represents a potential source of adsorbents which will contribute to solve part of the wastewater treatment problems. Literature review show that limited studies conducted on the utilization of EFB into activated carbon [5, 6] . Bamboo is an inexpensive and fast-grown resource with favourable physical and mechanical properties comparable to some common wood species. Bamboo has great potential as an alternative to wood for production of activated carbon for many adsorptive applications [7] . Coconut shells have little or no economic value and their disposal is not only costly but may also cause environmental problems. Coconut shell is suitable for preparing microporousactivated carbon due to its excellent natural structure and low ash content [8, 9] . The thermal stabilization of polymer nanocomposites is considered an important factor for its application in scientific and industrial fields [10] . Previous study done on flexural and thermal properties of carbon black filled epoxy composites shows that there was improvement in thermal stability as compared to neat epoxy matrix [11] .
Researchers try to reinforce nano-particles of coir fibre in epoxy matrix and concluded that the coir-fibre-based fire retardant filler can be used as a fire retardant material for epoxy resin [11] . Epoxy-based composites of ferrite nanoparticles (50 nm) with 3-glycidoxypropyl-(GPTMS), aminopropyl-(APTMS), or methyl-silsesquioxane (MTMS) coatings are reported [12] . The first company to commercialise polymer/layered silicate nanocomposites was Toyota [13, 14] , which used nanocomposite parts in the production of their novel car models. Later, a number of other companies also began investigating nanocomposites, which resulted in a dramatic expansion of the research and commercial interests in this novel class of materials in broad fields of applications.
Present research is the further study which deals with preparation of activated carbon filled epoxy nanocomposites using activated carbon treated with two chemical reagents (H 3 PO 4 or KOH) [15, 16] . Morphological properties of nano-activated carbons and AC filled epoxy nanocomposites were studied using transmission electron microscopy (TEM). Thermogravimetry and derivative thermogravimetry studies were carried out to understand the influence of activated carbon based nano-particles on the thermal stability of epoxy nanocomposites. X-ray diffraction analysis (XRD) was performed on activated carbon filled epoxy nanocomposites to determine the degree of crystalline or amorphous nature of the AC filled epoxy composites.
Experimental

Materials
The oil palm EFB sample was obtained from Ecofuture Berhad, Malaysia, Bamboo stem (BS) was supplied by Forest Research Institute Malaysia (FRIM) and coconut shells (CNS) were supplied by Anjung Juara Sdn. Bhd. All the materials were used without further treatments. The epoxy 331 used in this study is diglycidyl ether of biphenol A (DGEB-A), with an epoxide equivalent weight of 182-192. The curing agent was clear epoxy hardener 8161 [isophorone diamine (IPD)] with an amine value of 260-284 (mg KOH g -1 ). Both the epoxy resin and curing agent were obtained from Zarm scientific and supplies Sdn. Bhd., Malaysia. Characterization of oil palm EFB, bamboo stem, and coconut shells and activated carbon from oil palm EFB, bamboo stem, and coconut shells using chemical reagents reported in our previous work [15, 17] .
Preparation of epoxy nanocomposite
Activated carbon derived from oil palm empty fibre bunch (AC-EFB), bamboo stem (AC-BS), and coconut shells (AC-CNS) filled epoxy nanocomposites were obtained by mixing the required amount of activated carbon with the epoxy resin. The mixing percentages of activated carbons were 1, 5 and 10 % by volume and epoxy matrix (epoxy and hardener in the ratio 10:6 being fixed) in epoxy nanocomposites. The mixing volume percentages of nano AC, epoxy and hardener have been tabulated in Table 1 . The filler was thoroughly mixed with the epoxy resin for 1 h using mechanical stirrer. The mixture was placed in a vacuum oven for 1.5 h to reduce air bubbles in epoxy mixture. Then, hardener 8161 was added to the mixture and stirred with mechanical stirrer for 12 min. Two layers of transparent plastic pre-sprayed by silicone release agent were placed above and bottom of the mould to avoid adhesion of the epoxy nanocomposite to the mould. Mould containing epoxy nanocomposite was placed in a oven at 80°C for 2 h to complete the pre-curing process followed by an increase in the oven temperature up to 125°C for another 3 h until the curing process is complete. For comparison, another sample, called neat epoxy (EP), was prepared following this procedure except that in this sample no activated carbon was added.
Characterization
Transmission electron microscopy
Fully cured (polymerized) samples were prepared for TEM analyses. The TEM analyses were conducted on selective specimens. These TEM images facilitated the screening of various formulations for desirable nano-level dispersion of the activated carbon within the cure resin/inorganic composites. Desirable features included particle size of activated carbon and uniform dispersion of nano-activated carbon within the resin after curing.
The transverse sections of thickness 1 lm were cut using Sorvall Ultra microtome (MT 500) with a glass and diamond knife. For nano-particle and particle distribution determination, embedded samples were stained with 1 % toluidine blue and were viewed under a polarized microscope (Olympus BX50) for transverse and longitudinal section. For the ultra-thin sections (0.1 lm), samples were stained with 2 % uranyl acetate and lead citrate. The transverse sections were examined with a Phillips CM12 transmission electron microscope.
Thermal properties (thermogravimetric analysis, TG)
A Perkin Elmer thermal gravimetric analyzer (TGA-6) was used to investigate the thermal stability of the activated carbon based epoxy composites. The samples (about 6 mg) were heated from 30 to 900°C under nitrogen at a heating rate of 10°C min -1 and the corresponding percentage mass loss recorded.
X-ray diffraction analysis (XRD)
X-ray diffraction analysis was performed on activated carbon filled epoxy nanocomposites to determine the degree of crystalline or amorphous nature of the AC filled epoxy composites. Analyses were performed by Philips PW1050 X-pert diffractometer using Cu-K a (= 0.15406 Å ) radiation source operating under a voltage of 40 kV and a current of 25 mA. The diffraction angle (2h) was varied from 2.5°to 10°. The samples epoxy nanocomposites containing 1, 5 and 10 % nano-activated carbon were analyzed for their orientation within the matrix material. The diffractograms were analyzed by X-pert High Score Plus Software. The X-ray diffraction patterns were collected with a scan rate of 4.2°C min -1 .
Results and discussion
Abbreviations of activated carbons
The chemically activated carbon samples obtained from EFB, BS and CNS were named as AC-EFB, AC-BS and AC-CNS, respectively. In the case using phosphoric acid (H) and potassium hydroxide (K) appear at the end of each component which presents the individual chemical process. [16] . In addition, KOH was found to be more effective than phosphoric acid in creating porosity in activated carbons derived from tyres [18] . However, particle size of AC-EFB K, AC-BS K and AC-CNS K were smaller as compared to particles size of AC-EFB H, AC-BS H and AC-CNS H from all three TEM observations [16] . It is evident from Fig. 1a , b that AC-BS H particles stick together and even the agglomeration was found to be clear. Lighter area presents one single particle but the darker area presents particles sticked together and was more obvious in the case of AC-BS H. Figure 2a , b nano-particles obtained from AC-EFB showed particle flocculation and even the agglomeration was visible but less than that of AC-BS Fig. 1a, b . However, the results proved less than 100 nm particle sized activated carbon which is actually lower particle size being observed in case of using KOH chemical agent. AC-CNS (Fig. 3a, b) showed more nano-particles assemblies, indicating that spherules of materials (20-50 nm in size) appear to be resistant to gasification. AC-CNS showed no particle sticking, thereby free from agglomeration as compared to AC-BS and AC-EFB nano-particles. Nano-particle distribution in epoxy composite Figure 4 shows that the dispersion of nano-activated carbon in the matrix is random and dispersed throughout the matrix. Figure 5 shows the TEM micrographs obtained for an intercalated and an exfoliated epoxy nanocomposite. A fine agglomerate free and uniform dispersion of 5 % nanoactivated carbon particles from coconut shells in epoxy matrix become evident from the TEM micrograph of epoxy nanocomposite (Fig. 4) . TEM image confirms better dispersion of the nano-activated carbons in the epoxy matrix at 5 % activated carbon. It attributed that better interaction between the epoxy matrix and the nano-activated carbons improved interfacial bonding and show enhancement in thermal properties of epoxy nanocomposite. It is clear from TEM micrograph of epoxy nanocomposites at 10 % AC-CNS (Fig. 5) that there is agglomerate of nano-particles in epoxy composites. Nano-particles reinforcement in certain polymeric matrix can lead to significant property improvement, but aggregates or agglomerates nano-particles exhibit properties even worse than conventional particle/ polymer systems [19] . Composites, where nano-particle is Fig. 1 Comparison of TEM of AC-BS by using a H 3 PO 4 (100 nm), b KOH (100 nm) Fig. 2 Comparison of TEM of AC-EFB by using a H 3 PO 4 (100 nm), b KOH (100 nm) Fig. 3 Comparison of TEM of AC-CNS by using a H 3 PO 4 (100 nm), b KOH (100 nm) located at the interface, electrical conductivity can be imparted, by bringing the dispersed nano-particle with direct contact to make continuous phase, it can create a conductive pathway [20] .
Thermal properties (thermogravimetric analysis, TG) TG and derivative thermogravimetry (DTG) studies were carried out to understand the influence of activated carbon based nano-particles on the thermal stability of epoxy composites. Previous study reported that thermal analysis helps us to study the properties of the raw materials used in composite to understand behaviour of the final product [21] . Figure 6 showed TG curve of 1, 5 and 10 % AC-CNS H as filler in epoxy nanocomposites. Thermal degradation of neat epoxy and AC-CNS H based epoxy composites has an initial mass loss below 100°C due to loss of moisture. The mass loss observed with epoxy polymer at this region might be due to the low molecular weight compounds. According to researchers, the primary degradation occurs at the N-C and O-CH 2 bonds of the cross-linked resin network [22] . This degradation is followed by complex secondary reaction and formation of volatile products which arose from random chain scission and intermolecular transfer involving tertiary hydrogen abstractions from the polymer [17] . Neat epoxy, 1, 5 and 10 % AC-CNS H filler epoxy nanocomposites started to decompose at around 350°C. It is clear that 10 % thermal degradation of epoxy nanocomposites occurs in the range of 347-367°C, while 50 % degradation of 1, 5 and 10 AC-CNS H filler epoxy nanocomposites was observed at 417, 425 and 390°C, respectively. 5 % AC-CNS filled epoxy composites show degradation at higher temperature as compared to neat epoxy, 1 and 10 % AC-CNS H based epoxy composites. The presence of 5 % AC-CNS H nano-particles in the epoxy matrix resulted in an improvement of the thermal stability. It showed that increasing the AC-CNS filler content up to 10 % decreases thermal degradation of AC filled epoxy nanocomposites although increases the residue content at temperature higher than 400°C. Decrease in thermal degradation temperature less than 400°C may be attributed to weak interaction between epoxy matrix and filler at higher percentage (10 %). 5 % AC-CNS H epoxy nanocomposites showed better thermal stability than 1 and 10 % AC-CNS H epoxy composites because of that further study of AC-BS, AC-EFB and AC-CNS H concentrate on 5 % filler loading only. Even though residue content in 10 % AC-CNS H is higher as compared to 1 and 5 %. It may be attributed to higher content of activated carbon. TG curves for the neat epoxy, 5 % AC-BS H, 5 % AC-EFB H and 5 % AC-CNS H epoxy nanocomposites are given in Fig. 7a . Initial degradation of neat epoxy and different 5 % activated carbon samples using H 3 PO 4 started around 360°C. It is reported that TG curve showed gradual mass loss above 290°C for the epoxy/epoxy nanocomposite material [23] and lack of mass loss below 290°C indicated that there is no release of any volatile molecules during heating. It has been reported that cross-linking of polymer chain can increase the thermal stability of epoxy resin [24] . It may be seen that 50 % mass loss of 5 % AC-BS H, 5 % AC-EFB H, 5 % AC-CNS H epoxy composites occurs at 416, 425 and 426°C, respectively (Table 1 ). Figure 7b showed TG curves of neat epoxy, 5 % AC-BS K, 5 % AC-EFB K and 5 % AC-CNS K epoxy nanocomposites. 10 and 5 % activated carbon by KOH started around 355°C. KOH activated carbon filled epoxy nanocomposites viz 5 % AC-BS K, 5 % AC-EFB K and 5 % AC-CNS K shows 50 % mass loss at 422, 428 and 419°C, respectively. The TG curves of the activated carbon filled epoxy nanocomposites show a maximum rate of weight loss at a lower temperature (350-450°C) ( Table 1) .
5 % AC-EFB K shows 50 % weight loss at slightly higher temperature as compared to 5 % AC-BS K, and 5 % AC-CNS K filled epoxy nanocomposites. It may be due to the presence of silica [15] . 5 % AC-CNS K and 5 % AC-BS K filled epoxy composites showed less residue content as compared to 5 % AC-EFB K. Degradation mechanism occurred in composites above 400°C and may be due to decomposition of aromatic rings. Further heating led to saturation of rings, rupture of lignin C-C bonds, release of methane, CO, and CO 2 , and structural rearrangements [25] . 5 % AC-CNS H and 5 % AC-EFB H filled epoxy composites had 50 % mass loss at higher temperature as compared to 5 % AC-BS H composite because AC-EFB degradation occurred at higher temperature compared to other two activated carbons on account of higher carbon yield [15] . 5 % AC-CNS H filled epoxy composites showed less residue content as compared to 5 % AC-EFB H and 5 % AC-BS H due to low carbon content. Further heating to 900°C led to an average residual mass of 6-11 % for all activated carbon filled epoxy composites. It indicated that activated carbon filled epoxy nanocomposites had higher thermal stability at higher temperatures. Higher percentage of activated carbon filled epoxy nanocomposites showed higher efficiency in char formation at an elevated temperature. AC-K filled epoxy nanocomposites were slightly better in thermal stability as compared to AC-H filled epoxy nanocomposites, may be due to better interaction of filler with epoxy matrix or due to higher surface area. Thermal stability of AC filled epoxy composites also influence by the size of nano-particles. It observed from results that AC-K filled epoxy nanocomposites display better thermal stability as compared to AC-H filled epoxy nanocomposites due to smaller particle size of AC-EFB K, AC-BS K and AC-CNS K which clear from TEM observations. Figures 8 and 9 showed DTG curves of activated carbon filled epoxy nanocomposites by AC-H and AC-K, respectively. The difference in the degradation behaviours of the two different chemical reagent activated carbon filled epoxy can be seen in the DTG thermograms. The peak obtained in DTG curve indicated the points where decomposition occurred most rapidly in the TG curve.
On the basis of the number of peaks in the DTG curves, the mass loss processed the neat epoxy and activated carbon filled epoxy nanocomposites were divided into several stages. As shown in Figs. 8 and 9 , the DTG curves of the neat epoxy and AC filled epoxy nanocomposites showed two stages corresponding to the degradation of the principal chain of the macromolecule and the oxidation of the carbon chain [26] . The derivative peak of mass loss versus temperature curves showed the decomposition temperature. matrix indicating some extent of exfoliation. On the other hand, a broad hump with low intensity is observed on the X-ray diffraction patterns in the range of 2h = 5°-15°and 35°-60°with higher AC loadings. This implies partial exfoliation of the AC at higher loading. Table 2 showed the increase in the crystalline percentage of epoxy nanocomposites after addition of 5 %vol activated carbon. 5 % AC-EFB K composite shows 50 % of crystallinity which is the highest value among all other activated carbon epoxy nanocomposites. 5 % AC-CNS H composite shows 38 % crystallinity. It is obvious that these two activated carbon filled composites have lower percentage of amorphous phase. From Table 2 , it is clear that 5 % AC-EFB H and 5 % AC-BS K filled composites give almost same % crystallinity values. The degree of crystallinity of epoxy matrix was improved by adding the activated carbon which is attributed to interfacial interaction between AC and epoxy matrix rather than loading of AC alone. In 5 % AC-CNS filled epoxy composites showed better dispersion of nanoparticles and thereby contribute in the improvement of percent crystallinity of composites. Table 2 showed that the degree of crystallinity of the composites was increased with the filler content at a given cooling rate during the non-isothermal crystallization process. A polymer can be considered partly crystalline and partly amorphous. The crystalline domains act as a reinforcing grid, like the iron framework in concrete, and improve the performance over a wide range of temperature. However, too much crystallinity causes brittleness. The crystallinity parts give sharp narrow diffraction peaks and the amorphous component gives a very broad peak (halo) [28] . The ratio between these intensities can be used to calculate the amount of crystallinity in the material. The degree of the crystallinity affects the results of the TG which are 50.6 and 38.9 % for AC-EFB K and AC-CNS H, respectively. Therefore, it is clear that AC-EFB K and AC-CNS H, showed higher thermal degradation as evident in Table 2 that shows for thermal degradation of the composites.
Conclusions
It is obvious from TEM images that even the particle size of activated carbon obtained from same raw materials in the case of the KOH is smaller than the H 3 PO 4 activated samples. TEM image confirms better dispersion of the nano-activated carbons in the epoxy matrix at 5 % activated carbon. It is due to better interaction between the epoxy matrix and the nanoactivated carbons which improved interfacial bonding and show enhancement in thermal properties. 5 % AC-CNS epoxy nanocomposites show better thermal stability than 1, and 10 % AC-CNS epoxy composites. KOH treated activated carbon filled epoxy nanocomposites show slightly better thermal stability as compared to H 3 PO 4 activated carbon filled epoxy nanocomposites due to better interaction of filler with epoxy matrix. The presence of AC increases T 1max for the H 3 PO 4 and KOH treated activated carbon filled epoxy nanocomposites. This may be due to the effect of intercalate and the level of dispersion, intercalation/exfoliation of AC nano-filler. It is also obvious that the crystallinity of epoxy matrix improved by the adding the activated carbon. 5 % AC-EFB K composite show 50 % of crystallinity which is the highest degree of crystallinity as compared to all other epoxy nanocomposites. 5 % AC-CNS H composite shows 38 % degree of crystallinity. In case of 5 % AC-CNS filled epoxy nano composites, better dispersion of nano-particles also contribute in the improvement of crystallinity % of composites. 
